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List of abbreviations

AOTA40:
BAU:
CMIP:
CTM:
DCC:
ECA&D:
EEA:
ENSO:
ERA:
EV:
GCM:
GDP:
GHG:
HSY:
HWMI
IPCC:
KVR:
LES:
LEZ:
LWP:
MW:
NAO:
NCEP:
NCAR:
ND:
NW:
OECD:
PCS:
PDF:
PIK:
PPP:

Accumulated Exposure Over a Threshold of 40 ppb
Business as Usual

Coupled Model Intercomparison Project
Chemical Transport Model

Dublin City Council

European Climate Assessment and Data archive
European Environmental Agency

El Nifio Southern Oscillation

European Reanalysis

Electric Vehicles

Global Climate Model

Gross Domestic Product

Green House Gas

Helsinki Region Environmental Services Authority
Heat Wave Magnitude Index

Intergovernmental Panel on Climate Change
Kommunalverbant Ruhrgebiet

Large Eddy Simulation

Low Emission Zone

Local Wind Pattern

Main/far Wake

North Atlantic Oscillation

National Centers for Environmental Prediction
National Center for Atmospheric Research

No Data

Near Wake

Organization for Economic Co-operation and Development
Passive Control System

Probability Density Function

Potsdam Institute for Climate Impact Research
Purchasing Power Parity
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QBC: Quiality Bus Corridor

RCM: Regional Climate Model

RCP: Representative Concentration Pathway
SCCP: Surrey Climate Change Partnership
SLP: Sea Level Pressure

SPP: Surface Pressure Pattern

SRES: Special Report on Emissions Scenarios
SSP: Shared Socioeconomic Pathway

TCT: Thermally Produced Turbulence

TEB: Town Energy Balance

TMY: Typical Meteorological Year

TPT: Traffic Produced Turbulence

TRY: Test Reference Year

UBL: Urban Boundary Layer

UrBAN: Urban Boundary-Layer Atmosphere Network
VOC: Volatile Organic Compounds

WHO: World Health Organization

WPT: Wind Produced Turbulence
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1 Executive Summary

The main objective of this report is to layout a broad overview of the latest understanding of
climate and climate change and its connection with urban air quality. It critically reviews recent
research studies that are not yet being used in practical applications and that are critical for later
implementation of Passive Control Systems (PCSs) within the iISCAPE project. The Introduction
is devoted to review the broad motivation for reducing air pollutant concentration in cities; it also
deals with the potential benefits of using climate change information for city planning, a topic that
is at the core of the iISCAPE project. The report is organized in two main parts, described as

follows.

1. Climate and climate change in European cities

1.1

1.2.

Description of climate change modelling approach. The study is performed starting from
the regional to the urban scale. Issues to be kept in mind when monitoring the impacts
of global climate change on urban and smaller scales are data quality and homogeneity;
climate conditions in cities may not be captured by weather stations, as these are
typically located in open vegetated land (rural or natural landscapes). Moreover,
uncertainty is always involved in climates change projections. For simulations of future
climate, climate model experiments are run under assumptions about the future
evolution of atmospheric composition, land use change and other driving forces of the
climate system. Global and regional climate models, typically having a grid size of tens
of kilometres or larger, poorly resolve the urban land surface. The geographical pattern
of the simulated climate response may be downscaled using various methods. Several
physical-based surface models can simulate air-surface interactions at a horizontal
scale of about 100 metres. However, many urban parameterizations still follow highly
simplified approaches. The Town Energy Balance (TEB) model (Masson, 2000;
Lemonsu et al.,, 2004), included in the surface interaction model SURFEX, is an
example of a model capable of clearly separating buildings, air within urban canyons,
roads, and, if present, trees, gardens etc.

Setting of the role of physical variables in current climate and change. The focus is to
set the basis for subsequent studies within iISCAPE. The role of the physical variables
that can be extracted from future climate change scenarios at urban scale is discussed.
These variables are those that are relevant for establishing the link between climate
change and air quality i.e. temperature, wind speed, pressure and solar radiation, and
these variables have to be used to evaluate the efficacy of PCSs in future scenarios.
This is also one of the main aims of iISCAPE. The main results from this sections are:

1.2.1. the observed annual-averaged pan-European temperature trend of 0.179°C per

decade since 1960.

1.2.2. the average impact of urbanization on that trend is 0.0026°C per decade since
1960. The effect is strongest in spring and summer.

1.2.3. Among the iSCAPE cities, the projected summertime warming is largest for
Bologna and smallest in Dublin. In winter, and also in spring and autumn, the most
pronounced increases in temperature are likely to take place in Vantaa.

1.2.4. Precipitation is generally projected to increase in winter and decrease in summer.
However, the sign of the change is uncertain in Bologna in winter and in Vantaa in
summer.

1.2.5. Incident solar radiation and diurnal temperature range are projected increase in
most of Europe in spring, summer and autumn.
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1.2.6. The observed reduction in the mean annual solar radiation in southern Finland
over the period from 1958 to 1992 was mainly attributed to a pronounced increase
in cloudiness, with only a minor contribution from the direct effects of the relatively
large aerosol load at that time.

1.2.7. Wintertime sea level air pressure is projected to decrease in Vantaa and increase
elsewhere. In Dublin and Guildford, the projected trend is positive in all seasons
and in Belgium and Germany in all seasons except for the summer simulations.

2. Air quality and climate change interaction in European cities

2.1.

2.2

Focus on the mean state of pollutants in the target cities. This part magnifies the focus
on the mean state of the main pollutants (NO,, PM;, and PM,s) as well as Oz that is
relevant for climate change for the iISCAPE target cities. Given that, the scope is to
identify the preferential conditions for PCSs deployment in each target city and provide
state of art knowledge for subsequent work packages (WPs). Specifically, we find that
pollutant concentrations have different impacts due to meteorological, geographical and
structural features of the single city, but also as a result of local air quality policies. In
general traffic-induced emissions (NO, and PMgj,) have an influence on total
concentration at street level, but not at urban scale. Residential heating systems also
contribute again at street level, but its signal is weaker. Two pollutants, NO, and PMy,
have a dependence on emissions at the street scale, while PM, s is more homogeneous
in the urban environment. Concerning the risks on human heath connected to exposure
to high level of PM,s has led to a decrease and an adjustment of concentrations at
WHO suggested level for human health which is stricter than the European limit. Only
Bologna, among the target cities requires to improve its efforts to mitigate the PM,s
concentrations. Ozone concentrations is quite homogeneous at the city scale. In rural
areas ozone concentrations sensibly grow, supported by favourable conditions.

. Assessments on pollutants linkages with climate change. Really few studies have been

performed on the relationship between air quality and climate change, especially at
small scales. It easier to find studies concerning air quality linked with the urbanization
growth (with some problems of inhomogeneity between different nations due to different
necessity and city types). At European scale, the climatological variables that mostly
affect air quality are: surface temperature, precipitation and sea level pressure.
Temperature scenarios, coupled with precipitation pattern projection, facilitate an
increase in pollutants such as ozone due to increased biogenic emissions and
photochemical rates and reduced wet removal. Changes in meteorological variables can
modify global sea level pressure patterns, with consequences on local circulations and
distribution of air masses. In the end, climate change induced by enhanced pollutant
emissions will in turn increase pollutant concentration. So, a positive feedback is
established, leading to an intensification of climate changes in those regions highly
affected by pollution. It is important to underline that these connections between climate
and pollutants concern the larger scales (global, or at least European). Specific studies
at local scale have to be provide to achieve a better understanding on the future livability
of our cities.
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2 Introduction

At the core of the ISCAPE project there is an awareness of the consequences of increasing
global urbanization and the inherent challenges due to climate change on air quality.

Oceania I
Morth America |
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and the Caribbean :
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Figure 1: Urban population comparison between 1995 and 2015 (adapted from UN-Habitat, 2016).

Since the beginning of the industrial revolution, the percentage of the world’s population settling
in urban areas has been increasing, and this trend is expected to continue. In 1990, 43 % (2.3
billion) of the world’s population lived in urban areas; by 2015, this has grown to 54 % (4.0
billion). Following the growth rate, 60 % (4.9 billion) of the world’s population is expected to live
in cities by 2030. This increase in urban population has not been evenly spread throughout the
world. Asia has the highest number of people living in urban areas, followed by Europe, Africa
and Latin America. Nevertheless, urban annual growth rates have been much faster in some
regions than others (Figure 1). The highest growth rate between 1995 and 2015 was in the least
developed regions with Africa being the most rapidly urbanizing; it shows a rate of 3.44 %,
almost 11 times more rapid than that in Europe (0.31 %). As the urban population increases, the
land area occupied by cities has increased at an even higher rate. The process of urbanization
is particularly leading to an increase of large cities (5 to 10 million inhabitants) and megacities
(more than 10 million inhabitants). Most megacities are in developing countries and this trend is
set to continue as several large cities in Asia, Latin America and Africa are projected to become
megacities by 2030 (UN-Habitat, 2016).

Despite economic growth and improvement of basic facilities, cities suffer from negative
consequences of urbanization, such as environmental and air quality degradation, as well as
respiratory problems. People living in large urban areas are routinely exposed to concentrations
of airborne pollutants that epidemiological statistics claim they might cause negative health
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effects in both the short and long term (Ericson et al., 2008). As urbanization, global population,
and economic development increase, not only short-range but also long-range transport of
pollution becomes an increasingly important factor for cities since air flow transports pollutants
from upwind areas contributing to local air quality together with locally-emitted pollutants (Parrish
and Stockwell, 2015). Transportation, industry and power generation are the main sources
contributing to outdoor air pollution (Hilbert and Palmer, 2014). Most of the cities worldwide are
facing levels of air pollutants exceeding regulatory limits (see Appendix A), with repercussions
on inhabitants’ health (Kumar et al., 2015). Traffic-induced emissions, such as respirable
particulate matter, nitrogen dioxide, carbon monoxide and hydrocarbons, largely affect urban
inhabitants, especially the population residing in close vicinity of roadways and streets as well as
the pedestrians (Ahmad et al., 2005).

Air is composed of a variety of gaseous pollutants and particulate matter, those can be classified
into primary and secondary. Primary pollutants are those directly emitted into the atmosphere by
human activities (vehicle engines, industrial production etc.) and by natural processes
(windblown dust, volcanic activity, etc.). Secondary pollutants are formed within the atmosphere
when primary pollutants react with sunlight, oxygen, water and other chemical compounds
present in the air. As for public health, major pollutants are particulate matter (PM), tropospheric
ozone (O3) and nitrogen dioxide (NO;). NO; is produced by the combustion of fossil fuels and
contribute to photochemical smog, as well as to acid rain. Oz is a major compo